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The discovery of dramatic proinflammatory affects of IL-20 on skin high- 
lighted a novel regulatory pathway In cutaneous Inflammation. Specif ic 
receptor complexes for IWO are Induced on keratlnotytes and transmit 
potent signals via the signal transducer and activator of transcnptIon-3. in 
response to IL-20. keratlnotytes proliferate and express pro-Inflammatory 
genes Including TNF-tx, which leads to activation of NF-xB. Recently, two 
related cytokines, IL-19 and IL-24, have been shown to trigger the IL-20 recep- 
tor, and a second receptor complex has also been found to respond to IL-20 
and IL-24. IL-20 signalling appears to be a prominent component of cutane- 
ous Inflammation, but the extent to which Inflammatory processes rely upon 
It Is unknown. Nonetheless, the prevalence of diseases Involving pathological 
cutaneous inflammation makes the Identification of safe and effective anti- 
Inflammatory therapies for the skin a priority. Detailed understanding of the 
signal transduction pathways by which the skin responds to IL-20 and related 
factors may make It possible to develop new pharmaceutical agents to selec- 
tively suppress cutaneous inflammation. 

Keyvwwd* cytokine, epidermis, IL-19. IL-20, IL-22. IL-24, IL-26, inflammation, tetatinoeyte. 
ncepton akin, Pfftai transducer and activator of tianscription-3 (STCT-3) 
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1. Introduction m . 

Coordination of die acdon of cells and tissues of multicellular organisms requires 
cell-cell communication. One of the prominent mechanisms by which cells transmit 
signals m other cells is by the release of molecules, including soluble proteins known as 
cytokines, •which bind to specific receptors and provoke changes in target cells. Some of 
these signalling events are associated with developmental or homeostaric processes whde 
omen axe part of reacdve immune responses. A number of disease conditions involve 
inappropriate or excessive inflammatory reactions. An understanding of the molecular 
mechanisms of these reactions can lead to the development of hypothesis-based inter- 
ventions. The characterisation of IL-20 and the discovery of its potent effects on kerau- 
nocytes has revealed a new regulatory circuit contributing to cutaneous inflammation. 
Mote tecendy, IL-19 and IL-24 have been shown to engage and activate the IL-20 
receptor, and a second receptor complex that responds to IL-20 and IL-24 has been 
identified. In this review, the signalling pathway* of IL-20 and related cytokines will be 
examined in the context of the normal biology and pathological reactions of the skin. 

2. Skin Inflammation In disease ; 
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The skin is the largest and most visible organ of the body, and its health is both a crit- 
ical component of quality of life and an important gauge of overall health. In addkion 
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target for the treatment of Inflammatory skin disease 



m ^ the emotional toll of chronic dis- 
, in ippeatance and disfigurement caused 
.i disorders, can be very heavy The prevalence of 
i ^ the Imperative to control mem combine to 
- —leant demand for effective interventions. 
Idany of the pathological conditions of the skin are caused 
by inflammatory reactions of the immune system. The most 
frequent skin disorders, dermarophytoses and acne, involve 
inflammatory responses provoked by pathogens (fungi and 
bacteria, respectlvdy). Inflammation associated with these 
conditions subsides when the infection is controlled by antibi- 
otics or prevented by altering the behaviour of sebaceous 
glands. Several other skin disorders involving inflammation of 
unknown aetiology affect as many as 5% of the US popula- 
tion. These include seborrheic dermadds, atopic dermatitis 
and psoriasis. Of these, expenditures on medications to treat 
psoriasis are dbproportkmateiy high, largely because of its 
persistence and resistance to treatment 03. 

Psoriasis is a disorder that presents as patches of crusty scales 
over glossy reddened skin. The most prominent feature of pso- 
riasis is the hyperproliferation and perturbed differentiation of 
epidermal keratinocytes leading to accumulation of scales. 
Abnormal angbgenesis and infiltration of inflamrnatory T w 
cells expressing IFN-sy are also evident In the past, the epidermal 
hyperproliferation has been ascribed to ceU~autonomou* defects 
in the kmtinocytes. More recently, it has become clear that acti- 
vation of T cells is a critical component of the pathogenic proc- 
ess. Several biological agents that target pathogenic T cells have 
been found to be effective in controlling psoriasis. These include 
an anti-CD4 monoclonal antibody (23), an IL-2 diphtheria 
toxin fusion protein [4}, an anti-CD U a monoclonal antibody 
151, and a fusion protein consisting of lymphocyte runcdon- asso- 
ciated antigen-3 (LFA-3) and the Fc domain of immunoglobu- 
lin 161. The therapeutic effects of the potent immunosuppressive 
drugs cyclosporin A f7] and FK506 (tacrolimus) [8] in the treat- 
ment of psoriasis have been known for some time. While these 
drugs are best known for their effects on T cells, they have also 
been demonstrated to act directly on keratinocytes (9*n). 

In contrast to psoriasis, atopic dermatitis (also known as atopic 
eczema) is an allergic disorder that frequendy arises in individuals 
who have, or will develop allergic rhinitis or constrictive airway 
disorders (asthma). Atopic dermatitis is associated with elevated 
levels oflgE and enhanced expression of Tj^ cytokines TLA, IL-5 
and IL-13. It involves chrome activation and degranularion of 
mast ceils and vascular permeability leading to oedema. 

Thus, psoriasis exhibits features of a cell-mediated Type 1 
immune reaction, while atopic dermatitis more closely resem- 
bles a humoral or Type 2 immune reaction. 

3. The active role of skin 

3.1 Differentiation versus proliferation in the 
epidermis 

As the interface with the outside world, the primary function 
of the skin is to act as a protective barrier. It keeps foreign 



material out of the body and keeps moisture in. The epider- 
mis maintains the barrier by undergoing a continuous process 
of regeneration in which proliferation of the basal layer of 
keratinocytes adjacent to the dermis pushes cells out to the 
surface as they differentiate and die. The precipitated struc- 
tural proteins of the cells (keratins), interspersed with the 
hydrophobic components of the membranes, adhere together 
to form the impermeable barrier known as the stratum cor- 
neum. As these conufied cells are broken loose by abrasion, 
they are replaced by new cells from below. 

The structure of the epidermis is determined by this home- 
ostatic balance of proliferation, differentiation and sloughing. 
Perturbations in the behaviour of keratinocytes can have a 
dramatic Impact on the health of skin. Enhanced keratinocyte 
proliferation can result in a significant mickening of the epi- 
dermis termed acanthosis. Excessive proliferation also pushes 
some keratinocytes up into the stratum corneum before they 
fully differentiate, This phenomenon, called parakeratosis, is 
characterised by defects in the barrier function and retention 
of nuclear remnants in the stratum corneum. 

Understanding the mechanism by which a keratinocyte 
decides between differentiation and further proliferation is an 
important goal of cutaneous research. During development 
and wound repair, this balance is affected by signals transmit- 
ted from the dermis [la-ifl. This balance is also affected by 
inflammation, and IL-20 may be a signal originating from 
within the epidermis that contributes to this decision. 

12 Keratinocyte activation 

The secondary function of the skin is to interact with the 
immune system. The epidermis acts as a sensor for pathogenic 
and traumatic challenges. In response to those challenges, it 
transmits pro-inflammatory signals to other resident cutane- 
ous cells as well as more mobile cells of the haematopoietic 
immune system. Certain stimuli have direct effects on kerati- 
nocytes and underlying fibroblasts causing them to release 
cytokines that trigger the innate immune system. The ability 
of keratinocytes to release complex arrays of pro-inflamma- 
tory factors when provoked by stimuli such as physical 
trauma, ultraviolet irradiation, bacterial products or 
cytokines, allows them to recruit inflammatory cells and regu- 
late their behaviour; 

Factors released by keratinocytes in response to various 
stimuli include: TNF-o, IL-la, IL-3, IL-6\ IL-7, IL-8, 
IL-10, IH2, IL-15, IM8, TGF-a, TGF-|J, IFN-y "d 
monocyte chemotactic protein- 1 (MCP-1), among others 
H5]. Although it is not yet clear under which circumstances 
keratinocytes express IL-20, it appears that it should now also 
be included in this list. These factors convey signals in a para- 
crine fashion to other cells including leukocytes, endothelial 
cells, fibroblasts and adjacent kmtinocytes as well as in an 
autocrine fashion to the activated cells themselves. As dis- 
cussed below, TNF-Ct, IL-lct, and DL-18 arc three prominent 
autocrine factors that arc Important for amplifying and sus- 
taining the activated state of the keratinocytes; they also 
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transmit signals to many other types of cells. IL-20 appears to 
be both an autocrine and paracrine factor that amplifies and 
sustains kcratinocyte activation. 

Other stimuli, such as antigenic challenges, arc mediated 
by cells of the acquired immune system. Foreign antigens are 
captured and processed by antigen-presenting cells (APCs) 
and carried to lymphoid tissue where they activate antigen- 
specific T celk Antigen-specific T cells migrate into the tis- 
sue where they encounter more antigen and become further 
activated. Products released by activated T cells convey sig- 
nab to keratinocytes. IFN^, produced by T m celb, stimu- 
lates keratinocytes to express intercellular adhesion 
molecule-1 (ICAM-1), which facilitates adhesion to lym- 
phocytes, and IL-7, which supports viability of T cells. 
Therefore, in addition to transmitting signals to recruit and 
activate effector cells, the epidermis undergoes changes to 
provide a supportive environment for the immune system as 
it repels pathogens. 

4. Primary cytokines and the NF-kB 
activation cycle 

TNF-a, IL-1 and IM8 have been called primary cytokines 
because binding to their cognate receptors results in the acti- 
vation of the transcription factor NF-kB, which in turn act^ 
vates genes encoding a broad array of pro-inflammatory 
products U6). In the absence of activating signals, NF-KB 
resides sequestered as an inactive form in the cytoplasm 
bound rightly to a specific inhibitory molecule, Signals 
transmitted by the primary cytokine receptors lead to degra- 
dation of lKp and release of the active form of NF-KB. Acti- 
vated NF-kB translocates to the nucleus where it promotes 
transcription of IL4, TNF-a and other pro-Inflammatory 
genes including cellular enzymes, adhesion molecules, chem- 
okincs and cytokines. This self-enhancing circuit is a central 
mechanism in the cellular iriflammatoxy response that pro- 
vides for prolonged and enhanced activation of the array of 
genes associated with inflammation (Figure 1). 

The NF-kB activation circuit can be triggered by exposure 
to bacterial products [171, physical stresses such as osmotic 
shock or ultraviolet irradiation, which directly activate the epi- 
dermal growth factor (EGF), TNF and IL-1 receptors or 
trauma, which releases intracellular stores of preformed IL-lO; 
[i9j. The ability of glucocorticoids to inhibit the activation and 
action of NF-KB contributes to their broad anti-mflammatory 
properties (16,20]. Recently developed antagonists of the TNF-a 
(211 and IL-1 (22J receptors also exert potent anti-inflammatory 
effects by disrupting the NF-kB activation cycle 

The discovery that signalling by the IL-20 receptor acti- 
vates the TNF-a gene in keratinocytes Identifies a previously 
unknown mechanism of initiating the NF-KB activation cir- 
cuit. While the activation of NF-KB by increased expression 
of TNF-a is likely to contribute to the dramatic phenotype of 
IL-20 transgenic mice, the normal biological circumstances b 
which this is relevant are unclear I23]. 



5. IL-20 as an autocrine factor for 
keratinocytes 



IL-20 was initially identified as a mRN A expressed in kerati- 
nocytes that is related to H.10 and conuins < iiisiabwty 
sequences in it's 3' untranslated region [231. Tht relevance of 
IL-20 to the skin was first appreciated when several transgenic 
mice were generated with a cDNA encoding IL-20 driven by 
various promoters. Each of these mice were runted, had 
abnormally tight and shiny skin and died within days of birth. 
The epidermis of the transgenic mice was found to be pro- 
foundly thickened and had Increased numbers of keratinoc- 
ytes. Moreover, expression of certain marker! jof ^ntiauon 
and proliferation, which are normally confined to the basal 
layer, was detected in the suprabasal layers of the epidermis. 
These Include proliferating cell nuclear antigen (PCNi^and 
keratins-5, -6 and -14 [75). These perturbations appeared to 
have been caused by circulating IL-20, since the phenotype 
was observed in mice that expressed the transgene in tissues 
other than skin, such as in the liver from die albumin pro- 
moter, as well as in mice with a transgene directed to skin. 

The profound effects of IL-20 on the epidermis of the 
transgenic mice, and the feet that 11^20 was found to be 
expressed by keratinocytes, focused attention on IL-20 as an 
autocrine factor for keratinocytes. Exposure of anr immortal- 
ised keratinocyte cell line (HaCaT) to 11^20 was found to 
activate signal transducer and activator of trar^ription-3 
(STAT-3), one of the transcriptional activators involved in 
ILrlQ signalling U3). Numerous different signalling molecules 
can activate STAT-3 in several different cell types W Acti- 
vated STAT-3 translocates to the nucleus and stimulates tran- 
scription of several STAT-responsivc genes. The central 
importance of STAT-3 is demonstrated by the observation 
that STAT-3-deficient mice die as early embryos. Specific 
deletion of the STAT-3 gene in keratinocytes blocks their 
responses to EGF, hepatocytc growth factor (HGF) and IL* 
(z* Although STAT-3-deficient keratinocytes form relatively 
normal skin, they are defective in wound healing and have 
altered secondary hair cycles. While EGF Is clearly an impor- 
tant cytokine for keratinocytes, it Is possible that some of the 
deficits in STAT-3-deficient keratinocytes are also due to their 
inability to respond to 11^20. 11^10 signal transduction 
includes both STAT-J-dcpendent and -independent pathways 
126]. Therefore, it is possible that IL-20 signal transduction 
may also utilise multiple pathways. As discussed below, two 
Afferent receptor complexes are triggered by engagement of 
IL-20, but each of these activates STAT-3 1271. 



6. Cytokines related to IL-20 



6.1 Genetics 

IL-20 b one of at least a dozen cytokines related to IL-10 W)> 
Six members of the 11^10 rartuly are encoded by genes at two 
loci in the human genome. Genes coding for IMO, Hrl9, 
IL-20 and IL-24 (formerly melanoma difierentktion^ 
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figure 1.11,20 and N^acUva^ Sr,^^ 
stimulates further expression of IL-1 and TNF-a and an array of other pro^nflammatoy gene* l^^^^^^Vrwd 
Sb^Zd stimuli, such as bacterial products, ultraviolet irradiation or trauma, whidueleases intracellula stc^ primed 
KTzo^ activation of NHcB by turning on TNr-a and ^F^^ 

by altering the expression of numerous genes Including upregulatlon of ^P*^^ 

angulation KcB itself. 11-1 and Wa receptor antagonists diminish N ^^^ t ^^ mpetln9 for Brtrace!lu,ar h « an *- 
COX; Cydooxyflenase; G* Glucocorticoid receptor; NO: Nitrogen wide: STAii Signal trarwducer and activator of transcription. 



gene-7 [MDA-7], mob-5, IL-4-induced secreted protein 
[FISP], C49a, respectively) axe clustered on chromosome 1 near 
position lq32 (2W30]> while the genes coding for IL*22 and 
IL-26 (formerly IL-10-rekted T cdl-dertved inducible factor 
[ILrTIP] and AK-155, respectively) are near one another in the 
vicinity of the gene for IFN-y on chromosome 12 at position 
12ql5 pi ,32). It 15 clear that these genes evolved from a common 
ancestor, and the fact that they are found clustered together may 
indicate that they have evoked rdarivcry recently by duplication 
events, mrerestingry, the murine IL-22 gene, which is also dose 
to the IFN-Y gene, * duplicated in some strains of mice [32]. 

At least seven other IL- 10-rdated cytokines are encoded by 
various viral genomes pft]. The presence of these IL-10-rclated 



genes in viral genomes is a clear indication that their bioacuV 
ities as agonists (engaging and triggering cognate receptors) or 
antagonists (non-signalling competitive inhibitors), confer 
competitive advantages to the viruses, most likely by interfer- 
ing with host Immunity. The ability of IL-10 to reign in 
inflammatory immune responses is also exploited by certain 
intracellular bacteria, While they do not produce their own 
versions of IL-10, they provoke expression of high levels of 
endogenous IL-10 by host cells 03). 

&2 Biological activities 

While some constitutive expression of IL-10, IL19 and IL-24 
has been detected, the IL-10 family of cytokines are principally 
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expressed in response to activating stimuli. The six IL-10- 
rtlaced cytokines encoded by the human genome are produced 
by different cells in response to various stimuli, and appear to 
have diverse bbiogical roles. 

IL-10 is a product of certain activated T cells, D cells, 
monocytes and keratinocytes, and diminishes activation and 
effector functions of T cells, monocytes and macrophages 
while promoting the production and function of T„2 and reg- 
ulatory T cells. The biology of IL-10 has been studied exten- 
sively and is reviewed elsewhere {34], 

IL-19 is a product of B cells and monocytes stimulated 
with upopolysaccharide (LPS) or granulocyte macrophage 
colony-stimulating factor (GM-CSF) [3035]. Exposure of 
monocytes to IL-19 induces them to release 1L-6 and TNF-tx, 
produce reactive oxygen compounds, and undergo apopmsb 
(#). In contrast to IL-20, transgenic mice expressing IL-19 are 
reported to tack any obvious cutaneous pathology 137]. 

1L-22 is produced by T ceUs and natural killer (NK) 
cells in response to IL-9, and elicits an acute phase 
response from the liver pwo] and inflammatory changes in 
the pancreas [41). Structural analysis of IW2 reveals that it 
is distinct from IL-10, and suggests that it may be active as 

a monomer 142J. 

1L-24 was originally identified as an autocrine differentia- 
tion factor regulated by ras and irritogcn-activated protein 
kinase (MAPK) in melanoma cells [43.441. It is also produced 
in healing wounds ISA, activated T^ cells peripheral 
blood mononuclear cells activated by concanavalin A [521, LPS 
or phytohaemaglutination antigen [53), and macrophages in 
response to LPS and IL-4, or infection by influenza virus {54). 
The ability of TL-24 to induce apoptosis in malignant cells 
[4j»4fl has prompted efibrts to develop it as a therapeutic anti- 
cancer agent 147-491. 

IL-26 was identified as a secreted product of T cells, trans- 
formed by Herpesvirus saknhri* which has structural homology 
with IL-10, and is encoded by a gene in close proximity to the 
11,10, IM9 and IL-20 genes [3132.S5J, No bioactrvities or 
cognate receptors for IL-26" have been described. 

6.3 Receptors and signal transduction 

To date, five of the six human IL-1 (Mela ted cytokines have 
been shown to engage and trigger one or more of four different 
dimeric receptor complexes with shared chains. Figure 2 depicts 
cellular sources and models of the known receptor complexes 
and signalling pathways for the IL-1 0 family of cytokines. like 
their cognate ligands, expression of the IL-20Ra and IL-2OR0 
chains are strongly induced by cellular activation, and they are 
only detected on keratinocytes, endothelial cells and certain 
monocytes in association with inflammatory conditions such 
as psoriasis [23]. As shown in Figure 2, IL-20 and IL-24 can each 
bind and trigger both the H.20RO/IL-20RP and the 
1L-Z2RO/IL-20RP complexes, while IL-19 oiuy activates the 
IL-20ROAL-20RP complex UW7J7,52J. Engagemcnt^eachoF 
these receptor complexes results in the activation ofSTAT-3 by 
phosphorylation 



IL-22 engages a receptor consisting of IL-22Ra and 
IMORP, which activates Janus kinase-1 OA^ and tyro- 
L Wnase-2 (TYK-2) leading to STAT-1, STAW and 
STAT-5 phosphorylation and translocation IU22 sig- 
nal uansoWn is similar to IL-10 in that it involves activa- 
tion of IAK-1 and TYK-2, but it is distinct m that it also 
activates components of the MAPK pathways that are not 
activated in response to IWO. IL-22 signalling also results m 
phosphorylation of Ser 727 of STAT-3, a feature of IL-6 sig- 
nal transduction that is not found in IL-10 signalling I5fl. 

7. Pharmaceutical Intervention In the IWO 
pathway 



7.1 The utility of Mocking I WO signalling 

The response of the epidermis to inflammatory processes con- 
tributes to the underlying pathology of many skin diseases. A 
number of potent drugs with broad wimurwsupprcssive 
effects, such as corticosteroids, fusion toxins or receptor 
antagonists, are currently available, and are effective in con- 
trolling the symptoms of these disorders, althougji the adverse 
consequences of systemic immunosuppression often limit or 
preclude their clinical use. 

Three observations point towards a central role tor iwu 
and related cytokines in the regulation of cutaneous inflam- 
mation and the ensuing pathological epidermal changes: 

• The profound eficcts of IL-20 expression in transgenic mice. 

• The expression oftheIL-20R chains in psoriasis. 

• The prc-inflarnmatory effects of IL-20 on ke»tinocyte 
gene expression. 

The apparently specialised role of 11-20 signalling in cuta- 
neous tissue may present an opportunity to create pharma- 
ceutical interventions that selectively mitigate 
inflammatory processes in the skin while sparing inflamma- 
tion in other tissues. 

To evaluate prospects for inhibiting biological responses to 
IL-20, it is helpful to consider our current understanding of 
the stepwise events involved. IL-20 expression is regulated by 
unknown mechanisms: released 11-20 diffuses to engage 
receptors on recipient cells; bound receptors undergo changes 
that promote activity of cytoplasmic JAK kinases; and cyto- 
plasmic kinases phosphorylate STAT molecules, which then 
ttanalocate to the nucleus and initiate transcription of certain 
responsive genes. Biochemical intervention may be possible at 
one or more components in each of these stages, but only a 
few approaches have been successful to date. 

7.2 Endogenous regulators of signal transduction 

Several extracellular and intracellular mechanisms of negative 
regulation of signalling of various cytokines have been identi- 
fied. Certain soluble isoforms or homologues of receptors act 
as binding proteins, scavenging certain cytokines and inhibit- 
ing them from binding cell-bound signalling receptors. Con- 
sistent with this paradigm, a soluble protein related to the 
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types in response to stimuli. Four different receptor complexes, ^ i^Sln with a womlnent cytoplasmic domain 

ofthe IL-tOfairtV- Each complex consist <rf ^ ««XS e ^eS'^ % JAKpSelns, which h 

and a smaller fKhaln with a minimal cytoplasmic domain Upon ^f^^'^^J^^ £ ge^. , L _22 has also been shown to 
turn activate SW proteins. Activated STAB translocate to the 
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. , .... ,„„j „ most likely to bean effective target for blocking IL-20 signal- 

11.22 receptor b* beea described and demonstrated to £*^J* , t may lead to undesirable side effects, 

inhibit the action of IL22 m tww P7.»i. ung, aiwougn , 

Eight suppressors of cytokine signalling (SOCS) proteins Uaand _ tox , n fusion proteins 

have been identified that are exposed in response to various " U 9^*' hi ^ inity Action between 

cytokines. SOCS proteins are negauve regulators of JAK The ^ £ ™« reeepWB ha, been exploited to 

kinases that inhibit their kinase activities and «*« d« ^^c^toTfu.ion proteins chat kill cells bearing 

ubiquirinadon and degradation [Sfl. Protein inhibitors of acU- create selecu ve c^touc p Q f these is the IL-2 diph- 

vated STATs (PIASs) provide another level of regulation of ^^^SSS^S^n^ 

^SSos^gls^by^eor,, ^^g^^^X 

of these n^n^ which may present opportune for ^^^J^ed cognate receptor is only 

cngineenngtherapeutKinbbitoB. ^ ^ ^ as appears to be the case 

,.3 Modified receptor proteins and antibodies for the IL-20 rector in^^'S 

Of the endogenous mechanisms of controlling cytokine sig- ^/^^^aSiSwSSg. 

nailing, only extracellular competitive Inhibitors constructed cantly compromise the skin and unpair wound heanng. 

from soluble versions of cognate receptors or monoclonal modifiers 

antibodies have been used successfully. The most notable of 7* Gene ^ re ^™ 8 " fo , toc 

m«e are soluble versions of the TNF and 1L-1 receptors, as Several scheme, tove^n ^ X^^Ssense 

discussed above. Therefore, soluble forms of the IL-20 and expression of spedfi ega.es, ^ng *e we« 

1L-24 receptors and monoclonal antibodies are probably the molecules |»] ^^Jjw and 

n^p^^^^P^P-forb^tne ^se^»^^^^tbe 

rffectsofIL ' 20 ' effective in controlling cutaneous inflammation. Conversely, 

. « ? i i«i „.i-i.im*«« seliKxrveW uieitasing expteiiion of SOCS or WAS genes in 

7A Small molecule kinase Inhibitors selectively in«e»i 8 r „ ^ 

While the specific roles of the various JAK and STAT mole- ^ .^^T " J 

cules in IL-20 signal transduction remain to be folly under- diminish IL-20 signaling 

stood, advances in the biochemistry and structure of protein . . «nlnW» 

kintses and method, of drug discovery continue to lead to 8. Conclusion and expert Ponton 

highly selective and effective inhibitors with favourable phar- kmrinoeyte* has 

nXnedcs The recent success of the ABL Mular The "JJ™^ * " Sp^^S the 

homologue of Abelson virus Idnase) kinase inhibitor STI-571 been desnonstra ed to f 1 ^^ P m ^ a> it 

Cunatinib mesylate, Gleevec™, Novards) in controlling ccr- specific role of IL-20 ^J^Tf^^Jl^p ^ 

win myeloid and lymphoid leukaemias demonstrate, the appear, likely that its expression m ^°^"£TJ . 

^oflsTppS m. The IL-20 signalling apparatus In the Initiation^ 

Lisea^K and STAT ^£ " £ ^^atm^^ 
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